A New NASA Initiative in Three-Dimensional Tomographic Reconstruction of the Aerosol-Cloud Environment,
3D-TRACE: Outcome of a One Year Pilot Study

Anthony B. Davis, David J. Diner,’ Igor Yanovsky,' Michael J. Garay,' Feng Xu,' Georgios Matheou,? Guillaume Bal,? Jia-Ming Chen,? Yoav Schechner,* Amit A

e

L ;

B, A
G e | § b .
[ iy HEEREE
“p‘.» bz
e ik o
FA - -t

331 M La : .:‘5 ‘; i

(l { ; FiH ;} f
[R1E VI
! i

i bEgY &
gg By P —

oo

COoLUMBIA _g
LUDWIG-

v " UNIVERSITY
Wi

' JPL/Caltech, 2 Columbia University, °Rensselaer Polytechnic Institute 4 Technion - Israel Institute of Technology, ® The Raytheon Company, ° Ludwig Maximilians Universitat

3D-TRACE Vision: T
A\

Demonstrate that optical (VNIR) cloud and aerosol remote sensing can move beyond the horizontal uniformity W \V///
assumption applied to each pixel. N ////
X

N\ \
clouds \\
Old paradigm: “atmospheric column” retrievals based on rigorous 1D radiative transfer (RT) predicting observed signals
Why? s background
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It is the only approach deemed practical in terms of computational efficiency. O aerosol
New paradigm: tomographic retrievals based on approximate but fast 3D RT to predict observed signals ) v
HOW? Gt . LI TR
Computational technology has made quantum leaps. 3D-TRACE schematic: Spatially-resolved multi-

Hardware: Moore’ s law, which will primarily help us generate high-fidelity 3D RT simulations (spatially realistic synthetic “data”) for algorithm testing angle views (yellow rays) intersect horizontally

Software: Capitalize on advances in tomographic methods and inverse problem solutions driven largely by medical science and ver’ricq”y distributed elgmen’rs of the scene,
thus enabling 3D atmospheric fomography.
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Objective Approach

» Develop robust and efficient techniques for performing tomographic reconstruction of the 3D atmosphere, *Adapt and enhance spatial correlation methods from statistical image processing technology to separate

using remote sensing theory and satellite data, to more accurately represent complex aerosol-cloud radiances originating scene-wide from two distinct cloud/haze layers, e.g., cirrus (Ci) layer over broken cumulus
interactions. (Cu).

* Tllustrate via 3D tomographic reconstructions of selected test scenes, both real (MISR) and synthetic with *Use or adapt proven tomographic methods from biomedical imaging technology to infer 3D spatial structure of
different levels of fidelity (ranging from parametric shapes to outputs of Large-Eddy Simulation models). aerosol-dominated and mixed cloud-aerosol scenes.

» Design and build a computational framework for developing and testing innovative multi-angle/multi-pixel *Exploit recent progress in computational 3D radiative transfer, including polarization, for synthetic multi-
algorithms (possibly with multi-spectral/multi-polarization elements as well). pixel/-angle data to support rigorous uncertainty quantification in 3D scene reconstruction.

ONE-YEAR PILOT STUDY: Proof of 3D-TRACE concept based on 1 + 2x(1+1) + 1 = 6 independent component-level demonstrations ...

O Arbitrary cloud shapes ... Find a non-plane parallel—but still parametric—cloud
shape where the radiative transfer is tractable with
fast analytical methods, e.g., separation of variables.

We adopted 2D and 3D cloud models based
on two semi-ellipses/ellipsoids joined at a
common plane of symmetry. In 2D, only 3
parameters; in 3D, 5 parameters (including
an orientation angle).
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Radiance data (5 angles)
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MISR’s dense spatial/angular mesh:
9 angles x many 275 m pixels

I < contribution of 1 O [KM] E
operational AOTs x V] | 100 vocers Y

There are Y —

numerical

techniques

- for diffusive &

~  RTthatare K
= | amenable to B&E

arbitrary

cloud shapes, &

hence '

contributjon of

50 [KM]
50 voxels

(50 x 50 x 100 = 250K voxels)

50 voxels

20 30 40 S
istance
A tomographic el:
reconstruction e
95 ground-based cameras
apply constrained contrbution o s 2 s
Arithmetic x 1282 pixels/camera

Reconstruction

Technique (ART) ~ 1.5 10° observations
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More data - success
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*Large-Eddy Simulation cloud modeling / Georgios Matheou
Joint 14th Conference on Atmospheric Radiation and 14th Conference on Cloud Physics and Anthony Slingo Symposium

Boston, Mass, 7-11 July 2014. (Special Session: Emerging Directions in Atmospheric Radiation) : § 7 @

For more information, including publications, please contact project lead Anthony B. Davis, JPL/Caltech; email: Anthony.B.Davis@jpl.nasa.gov. €arth Science Technology Office
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